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Pressure sores have defied the best attempts of medical
and nursing staff since they were first described in
Egyptian mummies.! They are defined as a localised
area of tissue damage resulting either from direct
pressure on the skin causing pressure ischaemia or
from shearing forces causing mechanical stress to
the tissues. The pathophysiology remains poorly
understood.?

Pressure sores are painful, unsightly, difficult to
treat, and costly. The estimated cost of caring for
pressure sores is £150 million a year in the United
Kingdom and more than $3 billion in the United
States.>* A full thickness sacral sore typically involves
substantial expenditure in staff time, dressing
materials, drugs, and special pressure relieving beds
during hospital inpatient care over many months; the
estimated total cost per patient is £26 000.* Also, there
is the cost to patients in lost income, productivity, and
independence, which the patients and their relatives
increasingly attempt to recover from health authorities
by litigation.*?

Prevalence

The prevalence of pressure sores among hospital
inpatients in the United Kingdom is 7-8%; it may be
even higher in community medicine.®® Elderly people
are particularly susceptible, with 70% of all pressure
sores occurring in patients aged over 70 years.”
Younger patients usually have an underlying neuro-
logical disorder, and patients with cerebral palsy,
multiple sclerosis, and spinal cord lesions are par-
ticularly susceptible: up to 85% of paraplegics develop
a pressure sore.'> Wheelchair users are also at a
special risk, and around a quarter will develop a sore.*
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FIG 1—Stage IV sacral pressure sore showing muscle destruction
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Summary points

® Pressure sores are a financial burden to the
NHS

® Morbidity and mortality with pressure sores
are high

® Understanding aetiology will
centrate resources on prevention

® Use of risk assessment scales may reduce
the incidence of pressure sores by increasing
awareness

® There is little evidence of the efficacy of
topical dressings and applications

® Flap surgery is indicated when conservative
treatment fails, pressure sores recur, and scars
are unstable

help con-

FIG 2;-Stage IIT pressure sore on the heel

Complications

Infection, dehydration, anaemia, electrolyte
imbalance, and malnutrition often complicate pressure
sores.*"” Infection may be manifested by generalised
sepsis, osteomyelitis, or pyoarthrosis and carries a
substantial mortality.'*'” Pressure sores may be grossly
underreported in official statistics based on death
certificates—they were recorded as a cause of death
in only 171 patients and mentioned in fewer than
2000 certificates throughout all of 1986.'8

Anatomy

Pressure sores (figs 1, 2) occur most commonly on
the lower half of the body, particularly over the sacrum
(43%), greater trochanter (12%), heel (11%), ischial
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Risk factors for
pressure sores

Local risk factors:

Pressure

Capillary occlusion
and disruption
of lymphatic
drainage

Shearing force

Increased
temperature and
moisture

Systemic risk factors:
Aging
Decreased
mobility
Poor nutrition
Arterial disease
and hypotension

854

tuberosities (5%), and lateral malleolus (6%)." These
are the bony prominences that support the weight of
the body during lying, sitting, and standing. Several
classification systems have been devised for pressure
sores; the one recommended by the American National
Pressure Ulcer Advisory Panel (box) has become
accepted as a standard.® This classification not only
helps the clinician to select the right treatment but may
also predict the prognosis.

Classification of pressure sores®

StageI = Non-blanchable erythema of the intact
skin. This is a red or violaceous area that
does not blanch when pressed,
indicating that blood has escaped from

capillaries into the interstitial tissues

Partial thickness skin loss. The skin
surface is broken resulting in an
abrasion or shallow crater

Stage II

Stage III  Full thickness skin loss and extension
into subcutaneous fat but not through
underlying fascia

Stage IV Extensive destruction involving
damage to muscle, bone, or tendon

Causes: local factors
PRESSURE

Pressure sores are caused by compression of, or
repeated trauma to, tissue covering a bony prominence.
In the supine position the pressure over the buttocks is
around 9-4 kPa whereas that on the ischial tuberosities
in a sitting position can reach 40 kPa.? In children the
highest pressures were recorded in the occipital area;
sacral pressures were higher only in older and larger
children.?? The greater the pressure, the less time is
needed for tissue necrosis due to impaired capillary
perfusion. Normal fit people adjust their posture to
avoid sustained pressure, and measurements over the
bony prominences of 980 seated subjects showed a
tolerance curve with an inverse relation between
pressure and duration.'* Tissue damage is thought to
occur where pressures more than 9-3 kPa are sustained
for more than two or three hours.” The erythema seen
over pressure areas may initially be a simple reactive
hyperaemia in tissues that were formerly hypoxic from
pressure; this raises the possibility that an ischaemia-
reperfusion injury may also be involved and that a
resulting accumulation of inflammatory mediators and
leucocytes may sustain inflammation, induration, and
hyperaemia.

When laser Doppler fluxmetry was used to evaluate
the effects of local skin pressure on skin microcircula-
tion over the sacrum and gluteus maximus, micro-
vascular flow was found to be less well regulated over
the sacrum. This may partly explain the greater
prevalence of pressure sores in this area than over the
gluteal region. The skin blood cell flux in the gluteal
region shows a more stable pattern than in the sacral
area, where the flux signal is very sensitive to increased
pressures.?

Interface pressure is the only variable that has been
routinely measured and shown to be of practical
importance. Simple electropneumatic or fluid filled
sensors may be constructed in sheets to produce
pressure mapping systems.** These have been used to
measure interface pressures, including that of the
interface between the subject and support surfaces.”

CAPILLARY OCCLUSION AND DISRUPTION OF LYMPHATIC
DRAINAGE

The physiological effects of repeated pressure
include capillary occlusion and disruption of lymphatic

drainage. The effect of external loading on the skin
microcirculation has been assessed with radioisotope
clearance, photoplethysmography, transcutaneous
oxygen tension measurements, and laser Doppler
flowmetry.'* There is no evidence that a critical closing
pressure analogous to the capillary blood pressure
can be identified, although higher pressures produce
greater disruption of the microcirculation.'* The
lymphatic drainage of the subcutaneous tissues is also
impaired by pressure: at 8-0-9-3 kPa lymphatic flow
(measured by technetium-99m labelled sulphur)
ceases.™

SHEARING FORCE

Reichel reported that patients more often developed
pressure sores in sacral tissues when the head of the bed
was raised.” Shear is a result of movement generated
by the patient, attendants, or gravity. The skin
and superficial tissue adhere to the bedclothes and
are pulled tightly over the deep fascia, stretching,
angulating, and traumatising the underlying blood
vessels, which leads to thrombosis. The subcutaneous
fat lacks tensile strength and is particularly susceptible
to damage by these shearing forces."

INCREASED TEMPERATURE AND MOISTURE

Cushions and mattresses are designed to retain heat,
warming those tissues closely applied to their surfaces
and exacerbating the effects of ischaemia by increased
metabolic rate. This effect may persist for over an hour
after relief from pressure.” Increased temperature also
induces sweating, which alters skin integrity through
maceration and compromises the natural barrier to
infection. Maceration of skin also follows contamina-
tion by urine or faeces, wound drainage, and food
spillage.?* For these reasons patients with incontinence
of urine and faeces are at particular risk.

Causes: systemic factors
AGING

Elderly patients are more susceptible to pressure
necrosis owing to changes in aging skin, loss of
subcutaneous tissue, diminished pain perception,
decreased cell mediated immunity, slowed wound
healing, and the altered barrier properties of aged
skin.® The important skin changes in aging include
decreased proliferative activity in the epidermis,
flattening of the dermal-epidermal junction, attenuated
microvasculature, reduced local inflammatory re-
sponse, sensory loss, and diminished elasticity. All
these, except possibly the reduced local inflammatory
response, greatly increase the effect of local pressure
and shear stress in creating pressure necrosis.

DECREASED MOBILITY _

Any disease or condition impairing the patient’s
ability to move freely aggravates the risk of pressure
sores.? Most acutely ill elderly patients will be bed-
bound, putting them in the highest risk category. Poor
mental state, psychiatric or neurological disease,
excessive sedation, pain, and orthopaedic injury such
as hip fracture have all been strongly implicated.?
Elderly patients immobilised by stroke are particularly
at risk, especially as sensation over the pressure areas
may also be impaired.”

POOR NUTRITION

Nutrition may be severely compromised in elderly
patients, hypermetabolic states, prolonged pyrexia,
and cancer cachexia.” The increased risk of pressure
sores with cancer may be related either to features of
poor nutrition such as depleted lymphocyte count and
serum proteins or to the direct effect of those factors
that cause cachexia.® Even the relatively simple
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measure of hypoalbuminaemia is significantly related
to pressure sores.'* Chronic inflammation and infection
due to the pressure sore itself may aggravate hypo-
proteinaemia and anaemia, which are usually refractory
to treatment with iron and red cell transfusion but can
be treated with recombinant human erythropoietin.®

ARTERIAL DISEASE AND HYPOTENSION

Patients with arterial disease, especially occlusion of
large proximal vessels such as the aorta or iliac arteries,
are particularly likely to develop pressure sores, as
relatively small local pressures will impair tissue
perfusion when the arterial filling pressure is low. It is
important that the adequacy of the arterial supply is
measured by Doppler techniques whenever there are
pressure sores on the feet or when the femoral pulse is
weak or absent with sacral or trochanteric sores. In
the operating theatre, time on the operating table,
prolonged hypotension, and extracorporeal circulation
are all related to pressure necrosis.*

In the same way, hypotension from any cause is
important and is potentially a factor precipitating
pressure sores in patients with spinal cord injury.”
In a prospective study of pressure sore risk among
institutionalised elderly patients, low systolic and
diastolic pressures emerged as important risk factors.”
Again, the pressure needed to occlude capillary blood
flow in tissues over the bony prominences is lower in
hypotension. This may also be shown by the correlation
between a low resting skin blood cell flux on laser
Doppler fluxmetry and low mean blood pressures.*

Risk scales

The Braden (fig 3) and Norton scales have been
recommended by the Agency for Health Care Policy
and Research for predicting the risk of pressure sores.*
These scales quantify a range of risk factors by using
ratings whose summative scores are the basis for risk of
pressure sores.***' Predictions are based on mobility,
activity, level of consciousness or sensory perception,
incontinence, nutrition, friction, and shear. Although
simple clinical scales of this type have a great deal
of appeal owing to their ease of use, additional factors
such as diastolic blood pressure, temperature, dietary
protein intake, age, and stroke should not be ig-
nored.” * To complicate matters further, a low level of

¥ Mobility

Activity

Pressure

* Sensory perception

PRESSURE SORE

Extrinsic factors:
* Moisture
.
* Friction
* Shear

Intrinsic factors:
+ Nutrition
} Age

* Arteriolar pressure

Other hypothetical factors:
Interstitial fluid flow
Emotional stress
Smoking
Skin temperature

FIG 3—Factors used by Braden scale for predicting risk of pressure
sores
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education, unwillingness to practise standing, poor
muscle tone, and frequent urinary infections all
contribute to recurrence of pressure sores in patients
after spinal injury.

Early diagnosis

Where sacral induration is detected, raised serum
creatine phosphokinase concentrations may be helpful
in distinguishing simple inflammation from impending
tissue necrosis. Concentrations increase within two
hours of release of pressure and remain raised for a
week if necrosis has occurred.®

The susceptibility of high risk elderly patients to
pressure sores can be predicted by recording the effect
of pressure on skin microcirculation by using laser
Doppler fluxmetry.>’ The recovery time after pressure
relief is three times longer in patients who are at
greatest risk of ulceration than in normal patients.*

Prevention
GENERAL MEASURES

Proper positioning, frequent weight shifts, lying
prone at night, the elimination of shear and friction,
care of body fluids, and frequent skin inspections are
all standard nursing practices to prevent pressure
sores.®” Educational programmes may also help,
reducing the incidence of pressure sores in elderly
hospitalised patients by as much as 65%.* The real
value in formally applying risk scales to all appropriate
patients might be the increased awareness and focused
nursing attention that would accompany the intro-
duction of such a policy.

SPECIALISED BEDS; MATTRESSES, AND CUSHIONS

In an attempt to distribute pressure more evenly
away from bony prominences, a variety of mattress
overlays including foam, sheepskin, gel, and air
products have become available. These may be clas-
sified by measuring interface pressure.” Foam
mattresses produce higher local pressures than
alternating air pressure mattresses in elderly patients
and are more likely to predispose the patients to
pressure sores.*

Of the pressure relieving beds, fluidising systems
have been the most consistent at reducing pressure
over the bony high points, but the low air loss bed also
provides safe pressure relief.¥* In a comparison of
alternating air, static air, and water mattress overlays
on sacral and heel pressures in a surgical intensive care
unit, mean pressures were significantly higher for the
alternating air mattress than the other surfaces; they
should therefore be avoided.® Further prospective
studies are necessary before these beds become even
more widely used for long term treatment of nursing
home patients with severe pressure sores.

Wheelchair cushions rarely result in ischial pressure
readings below the capillary pressure as the surface
area bearing the upper body weight is very small; over
50% of the body weight is supported on 8% of the
sitting area at or near the ischial tuberosities.*® In
patients with spinal cord injuries, lowest pressures at
the ischial tuberosities were recorded with the airfilled
cushions.* Functional electrical stimulation has been
shown to prevent pressure sores in these paraplegic
patients by inducing shape changes in the buttocks and
improving blood flow.*>*

Treatment of established pressure sores
MEDICAL TREATMENT

The basic principles of medical treatment of estab-
lished pressure sores are shown in the box. A wide
range of topical dressings and applications (box) is
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marketed, usually with little evidence of efficacy.*
There is currently no justification for using the more
expensive of these products. Carefully conducted
clinical trials are urgently needed to evaluate which

Principles of medical treatment of
established pressure sores

Improvement in general health and nutrition
Restoration of tissue perfusion by relief of pressure
Maintaining a clean wound

Preventing or treating infection

Stimulation of granulation tissue

Arterial reconstruction where necessary

Medical treatments for pressure sores

Topical agents
Antibiotics: neomycin, gentamicin, metronidazole
Sugar, honey, and other monosaccharides
Benzoyl peroxide
Heavy metal ions: gold, bismuth, zinc, titanium
Absorbable gelatin sponge
Enzymatic debridement: streptokinase-

streptodornase, collagenase, trypsin

Human fibroblast growth factor

Dressings
Hydrocolloid occlusive dressing
Polyurethane film dressing
Moisture vapour permeable dressing

Physical agents
Hydrotherapy, particularly whirlpool bath
Hyperbaric oxygen
Ultrasound
Electrotherapy
Carbon dioxide laser

Systemic agents
Antibiotics
Zinc sulphate
Vitamin C
Insulin

products should be used in this all too common and
very debilitating condition.

SURGICAL TREATMENT

Flap surgery is indicated in those patients who fail to
respond adequately to conservative treatment, who
have recurrent pressure sores and unstable scars, and
who no longer have adequate padding due to the
ravages of previous sores.”™> An audit of pressure sores
treated in a regional plastic surgery unit in Scotland
from 1971 to 1990 showed a dramatic increase in flap
repairs in the past 10 years, with a concomitant
reduction in direct closure and skin grafting.** Although
the initial results with muscle flaps are good, recur-
rence of pressure necrosis is depressingly common.® %
Forty three per cent of cutaneous and 33% of musculo-
cutaneous flaps recurred over two to 12 years.* As lack
of sensation in the flap may contribute to this high
recurrence rate, neurosensory musculocutaneous flaps
have been tried.*

Despite the numerous advances of modern medicine,
pressure sores continue to challenge nursing and

Options for surgery

Debridement and abscess drainage
Direct closure

Split thickness skin grafts
Myocutaneous flaps
Neurosensory myocutaneous flaps

medical staff. They are a cause of substantial avoidable
suffering and are a financial burden to the NHS. It is
important that we better understand their causes in
order to concentrate resources on their prevention.
Increased awareness among nursing and medical staff,
encouraged by the use of risk assessment scales, is
likely to reduce their incidence. In the absence of
carefully conducted clinical studies, the benefit of a
variety of available medical treatments is doubtful.
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Lesson of the Week

Crush syndrome following unconsciousness: need for urgent

orthopaedic referral

Andrew D Shaw, Seren U Sjelin, Margaret M McQueen

Patients who have been The acute compartment syndrome occurs when attention. The local signs of muscle compression and
unconscious may increased pressure within osteofascial compartments necrosis may therefore initially be overlooked. We
develop crush results in local muscle ischaemia. If left untreated it describe 11 such cases referred to our unit over 51
syndrome, which may lead to muscle necrosis and contractures. The months.
requires urgent systemic manifestations of this—the crush syndrome
orthopaedic referral —are the results of haemodynamic and metabolic
disburbances and acute renal failure.! Failure to Casereports
appreciate the importance of muscle necrosis as the During April 1989 to July 1993, 11 patients were
underlying problem in the crush syndrome may have admitted to this infirmary with the crush syndrome
disastrous consequences. secondary to a drug overdose. They were all referred
The crush syndrome was originally described during for orthopaedic assessment after a considerable
the London Blitz in civilians who had been buried delay—mean 35 hours (table). Nine patients were
beneath the debris of destroyed houses.? Nowadays, men. The mean age was 31 years (range 20-54 years).
victims are typically encountered in war zones, in As all the patients had been unconscious for an
mining disasters, after earthquakes, and in industrial unknown length of time before presentation, the delay
or road traffic accidents.> The syndrome may also from time of injury until medical attention was given
develop after isolated compression of arms or legs could not always be assessed. Four patients were
by the victim’s own body—for example, during unconscious on admission. Ten patients had taken an
unconsciousness after a drug overdose.! Such patients overdose of sedatives or painkillers, and one patient
often delay seeking medical attention or have other had carbon monoxide poisoning. During the period of
more apparent complications that need urgent unconsciousness their torso had compressed one or
Details of 11 patients with crush syndrome secondary to drug overdose 1989-93
Time between Outcome
Age Limb Symptoms  admission and Surgical
Case No Sex (years) affected onadmission  surgery (h) Dialysis treatment Functional Renal
Orthopaedic Trauma Unit, 1 M 20 Upper arm Yes 29 Yes Fasciotomy with excision Loss offlexion ~ Normal
E ’ of necrotic muscles of elbow
dinburgh Royal Infirmary, 2 M 24 Upper arm Yes 24 Yes Fasciotomy with excision Stiff shoulder Normal
Edinburgh EH3 YW of necrotic muscles
Andrew D Shaw, registrar 3 M 35 Calf NR >62 Yes Below knee amputation - Failure
S U Sielin, senior 4 M 54 Both calves Yes 17 Yes Bilateral above knee — Failure
m:en Jolin, sen amputation
registrar 5 F 43 Calf Yes 21 Yes Through knee amputation Died
Margaret M McQueen, 6 M 23 Forearm Yes 30 No Fasciotomy Contractures Normal
consultant 7 M 25 Calf ? No Through knee amputation — Normal
8 F 28 Forearm Yes 51 No Fasciotomy Good Normal
9 M 38 Forearm Yes 22 No Fasciotomy Died
Correspondence to: 10 M 24 ‘Thigh Yes 53 Yes Fasciotomy Died
Miss McQueen. 11 M 29 Forearm Yes 43 Yes Fasciotomy with excision Lossof digital ~ Normal
of necrotic muscles flexors
BM$¥1994;309:857-9 NR=not recorded.
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